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The data presented in this paper are the outgrowth of an attempt to 
demonstrate a possible infectious origin of the blood dyscrasia which 
has  been variously designated as  "agranulocytosis"  (1),  "agranulo- 
cytie angina"  (2),  "granulopenia"  (3),  etc.,  of  which at  least  550 
cases have been reported.  The literature has recently been reviewed 
by Kracke (4) and others. 
The  disease  appears  as  a  symptom  complex with  the  most  sig- 
nificant lesion in  the bone marrow and  blood,  where the supply of 
neutrophilic leucocytes is depleted and their production is stopped or 
inhibited.  The  result  is  a  leucopenia which is  characterized by  a 
granulocytopenia and  a  relative  lymphocytosls;  the  blood  platelet 
and erythrocyte counts are usually unaffected.  The elimination of 
the granulocytes so weakens the defensive properties of the body that 
invasion of the  blood  stream  by organisms present  in  the  body as 
saprophytes or in low grade infections is a simple matter, and a fatal 
sepsis  frequently  results.  The  clinical  manifestations  are  largely 
fortuitous,  depending on  the  nature  and  behavior of  the  invading 
organisms. 
If this conception of the nature of the disease is valid, the etiologic 
factor must be something which has the power to depress the function 
of the bone marrow, and furthermore it must be specifically toxic for 
granulocytes. 
Arsenicals, benzene, and x-ray are capable of producing the clinical 
picture of agranulocytosis (4),  but  there is little evidence that  any 
of them plays an important r61e in the etiology of the steadily increasing 
number of cases being reported.  Attempts to produce the disease in 
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laboratory animals by injecting  the organisms,  or the culture filtrates 
of organisms  isolated from patients  have signally failed. 
Our attack on the problem was based upon the following premises. 
(a)  Certain  of  the  pyogenic  bacteria  are  capable  of  producing  a 
toxin which is specifically lethal for leucocytes, particularly  for granu- 
locytes  (5,  6).  This  toxin  is  leucocidin.  The  production  of  leuco- 
cidin  has  been  reported  for  Staphylococcus  aureus  (7),  Streptococcus 
haemolyticus  (5-8),  Streptococcus  viridans  (5),  and  Pseudomonas 
aeruginosa  (9),  which have been more or less prominently  associated 
with agranulocytosis. 
(b)  Secondly, one or more of these organisms  are almost constantly 
associated  with  focal  infections  (10),  which  in  turn  are  frequently 
accompanied  by granulocytopenia  (11,  12). 
(c)  Also,  a  history of focal infection,  or lesions with which staphy- 
lococci and streptococci are characteristically associated, can be elicited 
from most of the reported cases of agranulocytosis  (vide Blanton  (13), 
1 case; Harkins  (14), 8 cases, 100 per cent; Conner et al. (15), 11 of 14 
cases; also Kastlin  (16), Skiles (17), Dyer and Helwig (18),  Call et al. 
(19),  Fried  and  Dameshek  (20),  Thompson  (21),  Moore  and  Weider 
(22),  Kracke  (4),  and  others). 
The  following experiments  were carried  out  to  test  the  hypothesis 
that  leucocidin-producing  organisms,  restrained  from  active  invasion 
of the  tissues but  so  situated  that  their diffusible  toxic products can 
be  absorbed,  are  capable  of  producing  granulopenia. 
EXPERIMENTAL 
Method.--Four kinds of organisms were used, Staph. aureus, Strep. haemolyticus, 
Strep. viridans, and a Proteus species, to be described elsewhere,  which was iso- 
lated from the blood, and post mortem from the spleen  and liver of a  case of 
agranulocyfic angina  (Schultz'  syndrome). 
Parchment  capsules  were  prepared  as  follows:  two  Schleicher  and  Schiill 
diffusion shells No. 579 (16 x 100 ram.) were cut down to a length of 2 cm., steril- 
ized in 70 per cent alcohol, and one fitted over the other to form a closed capsule 
which was sealed with celloidin.  Such a capsule was filled, by means of a sterile 
syringe and needle, with an 18 hour serum broth culture of the organism  to be 
studied, and the punctures were carefully sealed with ceUoidin.  The outside of the 
capsule was then thoroughly soaked with 70 per cent alcohol and placed asepti- 
cally in the  abdominal cavity of a rabbit.  The operation consisted of a single 
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through the skin, abdominal wall, and peritoneum in the midventml line.  Ether 
anesthesia was used.  After insertion of the capsule, the wound was sutured and 
an antiseptic dressing applied. 
After  the  operation,  the  blood picture was  carefully followed by  total and 
differential leucocyte counts made hourly, daffy, or twice daily as the condition of 
the animal and the blood  picture indicated.  Rabbits which died were carefully 
autopsied, material fixed for histological study, and  the  condition of  the bone 
marrow ascertained by impression smears fixed with methyl alcohol and stained 
with Giemsa'sor  Leishman's stain.  The histopathology will be descfibedseparately. 
The experiments were controlled by preoperative counts and specifically  by the 
blood pictures of two rabbits which received capsules of sterile serum broth. 
The results of typical experiments are given in tabular form.  Twenty animals 
have been used, two of which died of Strep. haemolyticus septicemia as the result of 
leaking capsules.  The differential counts were made on blood obtained from the 
ear  veins  of  the  rabbits  and  stained  with  Leishman's  stain.  Schilling's (24) 
modification of Arneth's classification of the leucocytes was used, except that the 
large and small lymphocytes were not separated.  Schilling's hemogram method 
of recording the counts proved to be valuable.  The  figures in  the accompany- 
Lug tables (hemograms) represent percentages  determined by a  count of at least 
one hundred cells in all cases where the total counts were above a thousand. 
PROTOCOLS 
Staphylococcus  aureus 
Rabbit 9-9.--Received a capsule containing 5 co. of an 18 hour culture of virulent 
Staph. aureus isolated from a case of chronic furunculosis with slight granulopenia. 
The behavior of the leucocytes is shown in Table I.  There was a chronic granu- 
lopenia with an absolute lymphocytosis. ' The  animal died Sept.  20,  6  months 
after operation.  The contents of the capsule were viable and not contaminated. 
The capsule was imbedded in caseous pus to a depth of 2 era.  Death was due to 
peritonitis resulting from  fistulation of a  loop of the intestine involved in  the 
adherent reaction mass.  The terminal infection did not raise the leucocyte count 
above normal.  The granular cells of the bone marrow  were degenerative and 
relatively few in number (Fig. 1). 
Rabbit 2-3.--Received a capsule containing 3 cc. of an 18 hour culture of Staph. 
aureus isolated from an abscess and passed through five mice.  The blood picture 
is shown in Table II.  The animal died on the 7th day after operation.  There was 
extensive destruction of the pseudoeosinophils in the peripheral blood where the 
cells were very pathological.  The large mononuclears were markedly increased. 
Strep.  viridans  was  isolated from  the  heart  blood and  spleen.  There  was  no 
peritonitis.  The smears and cultures of the peritoneal fluid were negative.  The 
bone marrow was depleted but not exhausted of granulopoietic elements.  The 
capsule was intact; contents viable.  The histopathology was that of severe in- 
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TABLE  I 
Staphylococcus  aureus 
No.  9-9, operated upon June 22,  1932, 3:30 p.m. 
Date  Time 
193g 
June 22  5 p.m. 
June 23  8 a.m. 
June 24  a.m. 
June 25  a.m. 
June 26  a.m. 
June  27  a.m. 
June 28  a.m. 
June 29  a.m. 
June 30  a.m. 
July  1  a.m. 
July  2  a.m. 
July  3  a.m. 
July  4  a.m. 
July  5  a.m. 
July  6  a.m. 
July  7  a.m. 
July  8  a.m. 
July  9  a.m. 
July  10  a.m. 
July  11  a.m. 
July  12  a.m. 
July  13  a.m. 
July  14  a.m. 
July  15  a.m. 
July  16  a.m. 
July  17  a.m. 
July  18  a.m. 
July  19  a.m. 
July  20  a.m. 
July  21  a.m. 
July  22  a.m. 
July  23  a.m. 
July  24  a.m. 
July  26  a.m. 
July  28  a.m. 
W.B.C. 
Neutrophils 
o~ 
1~,300  4  3  47  45  1 
23,750  1  52  30  17 
40,000  3  2  4  54  22  15 
18,400  7  24  21  38  10 
22,150  4  6  2  79  9 
21,350  5  2  6  73  14 
21,950  7  3  8  73  9 
18,400  6  2  5  9  74  4 
20,200  2  7  81  10 
23,200  2  1  1  6  8  73  11 
20,650  2  6  7  76  9 
18,200  1  4  13  74  8 
18,350  7  9  77  6 
16,950  1  5  11  80  3 
14,450  1  2  8  17  69  3 
12,700  1  1  12  12  67  7 
17,750  1  4  4  87  4 
17,250  8  12  77  2 
8,950  1  1  6  11  71  10 
10,850  1  1  4  4  77  13 
15,000  2  4  9  73  12 
14,750  1  2  8  88  1 
15,150  2  5  7  75  11 
18,750  3  1  10  83  3 
15,500  1  5  i  19  72  3 
13,650  3  9  85  3 
15,400  3  2  8  83  4 
12,050  3  5  12  75  5 
15,550  1  6  4  4  81  5 
13,800  3  1  9  85  2 
9,400  3  2  15  75  5 
9,400  2  8  11  71  8 
12,500  7  17  23  48  5 
9,750  1  7  7  78  7 
10,350  7  4  10  74  5 
* The band form corresponds to Schilling's "stabkemige Form." EMERY  WESTERVELT  DENNIS 
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Date  Time 
1932 
July  30  a.m. 
Aug.  2  a.m. 
Aug.  3  a.m. 
Aug.  5  a.m. 
Aug.  9  a.m. 
Aug.  12  a.m. 
Aug.  15  a.m. 
Aug.  18  a.m. 
Aug.  22  a.m. 
Aug.  25  a.m. 
Aug.  29  a.m. 
Aug.  31  a.m. 
Sept.  1  a.m. 
Sept.  2  a.m. 
Sept.  3  a.m. 
Sept.  5  a.m. 
Sept.  7  a.m. 
Sept.  8  a.m. 
Sept.  9  a.m. 
Sept. 10  a.m. 
Sept. 12  a.m. 
Sept. 13  a.m. 
Sept. 14  a.m. 
Sept. 15  a.m. 
Sept. 16  a.m. 
Sept. 17  a.m. 
Sept. 19  a.m. 
11,950 
9,500 
12,900 
10,600 
8,800 
11,350 
8,550 
8,500 
8,500 
8,550 
6,500 
6,600 
6,150 
7,300 
8,100 
6,050 
8,050 
10,550 
6,050 
6,150 
5,750 
9,500 
9,500 
15,500 
11,400 
12,200 
7,700 
W.B.C.. 
Neutrophils 
1  12  79 
10  14  65 
5  4  86 
5  14  73 
2  10  78 
2  7  84 
11  16  66 
5  12  69 
2  4  81 
8  3  79 
12  15  69 
3  6  86 
13  7  72 
3  3  87 
1  I  1  94 
9  6  76 
2  6  87 
8  4  80 
11  8  73 
27  19  39 
112  6  68 
2  80 
2  [  2  90 
11  4  83 
30  20  44 
13  4  75 
3  24  66 
Animal found dead the morning of Sept. 20 
5 
7 
4 
4 
13 
12 
8 
2 
2 
6 
2 
1 
6 
4 
5 
1 
7 
7 
7 
1 
Streptococcus  haemotyticus 
Rabbit 5-1.--Received a  capsule containing 3 cc. of an 18 hour culture of hemo- 
lytic streptococci  isolated  from a  pelvic abscess  and  passed  through  five mice. 
The total count dropped  to 3,300  white blood cells and  the animal aborted  but 
survived3  The blood picture has shown great variation with occasional periods 
1 Unfortunately two animals (Nos. 5-1 and 10-0), which had not been isolated a 
sufficient period of time, became mixed with the lot destined for the experiment. 998  GRANULOPENIA  DUE  TO BACTERIAL  TOXINS 
of sharp depression of the neutrophiis.  The behavior of the leucocytes is shown in 
Table III.  The animal is still living, more than 6 months after operation, and 
appears to be in good condition. 
Rabbit lO-O.--Received  5 cc.  of the culture received by No. 5-1.  The animal 
aborted and died 36 hours after operation.  The blood picture is shown in Table 
IV; there was an acute leucopenla.  At autopsy, smears and cultures were nega- 
tive,  the  bone marrow  was  practically exhausted  of  granulopoietic elements. 
The capsule was intact, and its contents viable. 
TABLE  II 
Staphylococcus aureus 
No. 2-3, operated upon Nov. 12, 1932, 4 p.m. 
Date  Time 
1932 
Nov. 12  5 p.m. 
Nov. 13  8 a.m. 
Nov. 14  a.m. 
Nov. 15  a.m. 
Nov. 16  a.m. 
Nov. 17  a.m. 
Nov. 18  a.m. 
Nov. 19  a.m. 
W.B.C. 
8,55( 
16,40( 
10,35( 
7,85( 
13,80( 
13,35( 
25,25( 
29,85( 
26 
6  60 
4  16 
1  28 
12 
2  34 
39 
2  18 
Animal found dead the morning of the 20th 
8 
9 
48 
32 
58 
31 
34 
50 
o 
10 
8 
19 
12 
20 
24 
12 
23 
Streptococcus viridans 
Rabbit lO-l.--Received  5 cc.  of an 18 hour culture of Strep. viridans isolated 
from a very sore throat.  A passage strain was not used as it was practically aviru- 
lent for rats and mice, and the intravenous injection of a  24 hour slant culture 
killed a rabbit only after 5 days.  No. 10-1 died 22 hours after operation.  There 
was  an acute leucopenla followed  by a  pneumococcus septicemia  (i.e.,  clinical 
agranulocytosis).  The striking blood picture is shown in Table V.  At autopsy, 
immediately following death, pneumococcus was isolated in pure culture from the 
heart blood.  There was little gross pathology.  The bone marrow showed severe 
destruction of the granular cells (Fig. 3) and a large amount of fat; the erythro- 
poietic elements appeared normal.  The capsule was found to be intact and was 
immediately transferred to another rabbit. 
Rabbit lO-2.--Received the capsule from No. 10-1 after it had been thoroughly 
washed with 70 per cent alcohol.  The blood picture is shown in Table VI.  The TABLE IH 
Streptococcus haemolyticus 
No. 5-1, operated upon June 22, 1932, 4 p.m. 
Date  Time 
1932 
June  22  5  p.m. 
June  23  8  a.m. 
June 23  4  p.m. 
June  24  8  a.m. 
June 24  12  m. 
June 24  4  p.m. 
June 24  6  p.m. 
June 24  8  p.m. 
June 24  10  p.m. 
June 25  12:45 a.m. 
June 25  1:45 a.m. 
June 25  8  a.m. 
June 25  4  p.m. 
June  25  9  p.m. 
June  26  8  a.m. 
June  26  5  p.m. 
June  27  8  a.m. 
June 28  8  a.m. 
June  29  8  a.m. 
June 30  8  a.m. 
July  1  8  a.m. 
July  2  8  a.m. 
July  3  8  a.m. 
July  5  8  a.m. 
July  7  8  a.m. 
July  9  8  a.m. 
July  11  8  a.m. 
July  15  8  a.m. 
July  19  8  a.m. 
July  23  8  a.m. 
July  28  8  a.m. 
July  30  8  a.m. 
Aug.  4  8  a.m. 
Aug.  10  8  a.m. 
Aug.  13  8  a.m. 
Aug.  19  8  a.m. 
Aug.  26  8  a.m. 
Sept.  1  8  a.m. 
Additional 
W.B.C.  ~  i 
5,200  2 
5,050  1 
3,300 
Aborted during the night 
1  5  2 
1  6  1 
10 
2 
13 
8 
11 
6 
4 
2 
4 
2 
8 
5 
10 
16 
10 
1  1  1 
1 
6 
1  9 
1  5 
3 
1 
2 
1  3 
1  6 
3 
6 
10 
2  6 
1  6  1 
3 
7 
Neutrophils 
1 
4  52 
3  46 
11  34  1~ 
9  30  25 
18  2~ 
6  21 
22  14 
26  41 
1  17  24 
1  2 
21  2] 
10  1~ 
20  1( 
2  9  2~ 
10  11 
9  1~ 
2  17  1.: 
18  IC 
5  1~ 
4  1C 
4 
53  17 
7  33 
1  9 
1  13  12 
2  50  2C 
3  55 
8  32 
14  25 
15  2C 
25  19 
22  12 
15  1~ 
23  17 
1  10  1~ 
9  1~ 
15  3C 
counts show no further differences in behavior 
o 
5 
3 
12 
7 
16 
8 
10 
17 
18 
5 
19 
3O 
22 
18 
2O 
6 
23 
15 
18 
7 
6 
14 
18 
2 
I0 
17 
14 
2 
7 
15 
6 
1 
10 
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TABLE  IV 
Streptococcus haemolyticus 
No.  10-0, operated upon June 22, 1932, 4:30 p.m. 
Date  Time 
1932 
June 22  5 p.m. 
June 22  6 p.m. 
June 22  7 p.m. 
June 22  8 p.m. 
June 22  9 p.m. 
June 22  10 p.m. 
June  22  12 m. 
June  23  2 a.m. 
June 23  3 a.m. 
June  23  8 a.m. 
June  23  12 m. 
June  23  4 p.m. 
~.B.C. 
9,000  2  1 
8,350  1 
6,100 
~5,300 
8,250 
7,500  1  3 
9,750  5  1 
6,100  1  2  1 
6,000 
3,600  5 
3,800 
2,750  9 
Animal aborted and d~d 
Neutrophils 
E 
1C 
15 
26 
5  27 
1  3(] 
1  29 
32 
38 
37 
3  24 
8  29 
1  36 
.a 
16  61 
16  66 
17  5{] 
29  37 
25  44 
39  27 
38  24 
23  35 
32  31 
33  34  1 
20  43 
11  41  2 
TABLE  V 
Streptococcus viridans 
No.  10-1, operated upon July 28,  1932,  5  p.m. 
Date  Time 
1932 
July  28  6 p.m. 
July  29  8 a.m. 
July  29  12 m. 
July  29  1 p.m. 
July  29  2 p.m. 
July  29  3 p.m. 
W.B.C.  ~  2~ 
7,250  1 
3,550  1  2 
1,650 
1,500 
1,250 
900 
Animal died at 3:30 
Neutrophils 
13  44 
1  9  8 
3  6 
1  14  1 
5  13  6 
1 
).m. 
o 
28  5 
54  3 
83  2 
2 
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depression of the leucocytes was immediate and such neutrophils as could be found 
were in various stages of disintegration.  The animal died 17 hours after operation. 
Cultures of the heart blood taken just before death yielded pneumococcus.  At 
autopsy  the capsule was found  to be intact and its contents viable.  The bone 
marrow showed as advanced cellular pathology as did  that of No.  10-1, but the 
granular cells were more numerous. 
TABLE  VI 
Streptococcus viridans 
No.  10-2, operated upon July 29,  1932,  5 p.m. 
Date  Time 
193g 
July  29  6:30 p.m. 
July  29  9:30 p.m. 
July  29  10:30 p.m. 
July  29  11:30 p.m. 
July  30  12:30 a.m. 
July  30  1:30 a.m. 
July  30  2:30 a.m. 
July  30  3:30 a.m. 
July  30  4:30 a.m. 
July  30  5:30 a.m. 
July  30  6:30 a.m. 
July  30  7:30 a.m. 
July  30  8:30 a.m. 
July  30  9:30 a.m. 
July  30  10:30 a.m. 
V.B.C. 
8,100  2  3 
1,850  2 
700 
450  6 
2,100  1  4 
3,350  6 
4,700 
4,100  6 
2,000  1 
1,800  4 
1,300 
1,650  2 
900  1  4 
3,400  14  1 
2,100  4  2 
Animal died at 10:45 a.m. 
Neutrophils 
2 
13 
6 
12 
1  28 
2  28 
1  16 
6 
4  10 
1  16 
4 
6 
10 
4  27 
8  6 
! 
26 
13  J 
2 
o 
67 
71 
94 
80 
64 
64 
80 
88 
84 
76 
94 
90 
83 
~9 
80 
o 
These results,  with Strep. viridans, have been duplicated with  two additional 
rabbits for which the data are omitted to conserve space.  One died 12 hours after 
operation with a total count of 1,400 leucocytes, and the other died 28 hours after 
operation with a  total count  of 750  white cells.  Both animals had  a  terminM 
pneumococcus septicemia. 
-Proteus sp. 
Rabbit 9-1.--Received 5  cc. of an  18  hour culture of a  species of Proteus (P. 
asiaticus var.?) isolated from a fatal case of agranulocytic angina.  The behavior 
of the leucocytes is illustrated  in Table VII.  There was a  chronic granulocyto- 1002  GRANULOPENIA  DUE  TO BACTERIAL  TOXINS 
TABLE  VII 
Proteus sp. 
No. 9-1, operated upon May 24, 1932. 
Date  Time 
1932 
May 24  a.m. 
May 25  a.m. 
May 26  a.m. 
May 27  a.m. 
May 28  a.m. 
May 29  a.m. 
May 30  a.m. 
May 31  a.m. 
June  1  a.m. 
June  2  a.m. 
June  3  a.m. 
June  4  a.m. 
June  5  a.m. 
June  6  a.m. 
June  7 
June  8 
June  9 
June  lO 
June  11 
June  12 
June  13 
June  14 
June  15 
June  16 
June  17 
June  18 
June  19 
June  20 
June 21 
June 22 
June 23 
June 24 
June  27 
June 30 
July  2 
July  4 
W.B.C. 
7,550 
7,750 
16,750 
11,450 
25,400 
7,250 
30,000 
20,100 
23,950 
14,850 
17,750 
16,650 
12,500 
10,850 
a.m.  9,750 
a.m.  8,200 
a.m.  11,350 
a.m.  11,700 
a.m.  10,450 
a.m.  11,950 
a.m.  9,250 
a.m.  20,500 
a.m.  18,150 
a.m.  10,500 
a.m.  9,500 
a.m.  15,950 
a.m.  11,950 
a.m.  9,900 
a.m.  7,600 
a.m.  7,450 
a.m.  10,650 
a.m.  11,250 
a.m.  9,350 
a.m.  10,050 
a.m.  8,650 
a.m.  11,300 
Neutrophils 
3  7  25  26  29  10 
2  5  2  4  15  6  53  13 
1  6  2  5  12  67  7 
1  11  3  11  7  8  36  23 
1  4  11  3  54  25 
7  3  12  18  55  5 
3  1  14  25  38  19 
7  12  32  37  11 
5  7  23  60  5 
1  7  1  5  22  62  2 
1  4  3  23  62  7 
8  1  12  16  60  3 
1  2  2  4  89  2 
9  4  7  5  73  2 
5  2  6  2  85 
3  5  5  85  2 
1  7  6  5  74  7 
2  2  7  89 
1  5  6  5  83 
8  10  78  4 
1  4  13  21  60  1 
1  2  28  9  59  1 
4  9  18  68  1 
2  9  1  10  76  1 
6  3  12  79 
3  2  8  87 
1  2  6  91 
3  1  5  87  4 
1  6  2  8  80  3 
1  6  1  7  9  76 
2  5  3  19  71 
5  11  8  76 
5  2  6  73  14 
2  3  6  15  63  II 
1  6  10  77  6 
1  2  6  34  54  3 EMERY  WESTERVELT  DENNIS 
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Date  Time 
1932 
July  6  a.m. 
July  10  a.m. 
July  14  a.m. 
July  18  a.m. 
July  22  a.m. 
July  26  a.m. 
July  30  a.m. 
Aug.  4  a.m. 
Aug.  8  a.m. 
Aug.  12  a.ra. 
Aug.  17  a.m. 
Aug.  18  a.m. 
Aug.  19  a.m. 
Aug.  20  a.m. 
Aug.  23  a.m. 
Aug.  27  a.m. 
Aug.  31  a.m. 
Sept.  5  a.m. 
Sept.  9  a.m. 
Sept. 14  a.m. 
Sept. 20  a.m. 
Sept. 27  a.m. 
Oct.  4  a.m. 
Oct.  12  a.m. 
Oct.  18  a.m. 
Oct.  26  a.m. 
Nov.  1  a.m. 
Nov.  5  a.m. 
Nov.  8  a.m. 
W.B.C. 
Neutrophils 
i 
o  g 
12,550  5  5  9  79  2 
9,000  1  3  4  9  77  6 
11,400  1  2  6  8  74  9 
10,650  2  3  3  15  71  6 
12,800  2  9  20  8  43  18 
14,450  1  8  2  83  6 
17,750  7  17  8  58  10 
12,730  2  2  9  7  82 
20,000  1  3  20  4  70  2 
14,950  3  16  2  77  2 
6,500  1  96  3 
6,900  2  4  9  81  4 
7,900  2  2  10  2  77  7 
11,650  1  1  3  4  88  3 
9,300  2  1  2  5  88  2 
9,300  1  4  12  6  71  6 
8,050  3  4  6  78  9 
11,450  1  2  7  4  85  1 
9,300  4  5  18  12  53  8 
11,250  2  1  3  5  88  1 
10,450  2  2  4  88  4 
8,750  2  7  15  12  68  6 
10,900  2  11  12  69  6 
9,300  2  19  6  66  7 
10,850  2  5  4  87  2 
10,250  4  16  5  70  5 
8,000  3  15  17  59  6 
6,550  1  1  15  14  65  4 
3,000"  17  1  22  23  15  2  20 
350t  7  1  9  12  5  49  17 
* Heart blood a  few seconds before death. 
t  Peripheral blood immediately  before death. 
penia.  The animal died  7 months after operation, death resulting from a  pneu- 
mococcus septicemia.  At autopsy the spleen was markedly atrophied,  measuring 
but 2.5 x  13 mm.  The bone marrow  showed but a few myelocytes and premature 
band forms.  There was no reaction  mass about the capsule, as in all other cases, 
the capsule being covered by a  thin connective tissue membrane rather than being 
encased in a  mass of pus.  The capsule was intact, and its contents viable. 1004  GRANULOPENIA  DUE  TO  BACTERIAL  TOXINS 
Controls 
Rabbits 9-4 and 9-7.--Each received a  capsule containing 5 cc. of sterile serum 
broth from the same two lots  used in the implants cited above.  There was an 
initial leucocytosis, consequent of  the operation, but the count soon returned to 
slightly  above  normal  and  continued  at  that  level.  No.  9-4  was sacrificed to 
determine the condition of  the  capsule  and amount  of reaction;  No. 9-7 is still 
living and in good condition.  The  behavior of the leucocytes in the controls is 
illustrated in Table VIII. 
TABLE  VIII 
Control 
No. 9-7, operated upon June 18,  1932. 
Date  Time 
i93g 
June  18  p.m. 
June  19  a.m. 
June 20  a.m. 
June 21  a.m. 
June 22  a.m. 
June 23  a.m. 
June 24  a.m. 
June 25  a.m. 
June 26  a.m. 
June 27  a.m. 
June 28  a.m. 
June 29  a.m. 
June 30  a.m. 
July  1  a.m. 
July  2  a.m. 
July  3  a.m. 
July  4  a.m. 
July  5  a.m. 
July  6  a.m. 
July  7  a.m. 
July  8  a.m. 
July  9  a.m. 
July  10  a.m. 
July  11  a.m. 
July  12  a.m. 
July  13  a.m. 
July  14  a.m. 
Neutrophils 
[  } 
I 
12,250  2  8  27  43  20 
14,200  1  2  21  37  39 
11,400  2  5  32  55  6 
6~100  3  2  2  7  30  55  1 
7,750  1  2  1  10  32  54 
9,250  2  3  35  59  1 
16,650  2  1  6  60  25  15 
9,150  4  4  35  41  16 
7,200  3  5  40  42  10 
7,650  1  5  1  33  52  8 
6,750  1  4  5  61  24  5 
13,550  3  9  3  53  28  4 
15,450  10  38  44  8 
10,050  1  8  1  48  34  8 
8,300  2  6  4  40  43  5 
10,050  2  6  4  40  42  6 
8,900  1  11  3  47  30  8 
9,850  11  6  40  38  5 
9,900  3  5  2  35  49  6 
10,450  4  5  38  50  3 
9,300  4  2  2  32  55  5 
11,950  6  3  1  30  55  5 
12,300  3  3  1  37  54  2 
8,300  5  5  6  39  36  9 
10,350  4  5  1  37  49  4 
10,500  4  40  48  8 
8,850  2  3  5  58  30  2 EMERY  WESTERVELT  DENNIS  1005 
DISCUSSION 
Staphylococcus  aureus,  Streptococcus haemolyticus,  and a  species of 
Proteus each produced a more or less chronic granulocytopenia which 
terminated  with  a  fatal  infection  by  a  different  bacterial  species. 
Streptococcus viridans showed surprising virulence, producing an acute 
leucopenia within a  few hours.  The picture produced in rabbits by 
Streptococcus viridans toxin was analogous with that of acute agranu- 
locytosis in man.  Streptococcus viridans showed a virulence under the 
experimental conditions that  was  not manifested by  direct  animal 
inoculation, and the toxicity for the leucopoietic system in general was 
more pronounced than in any of the other cases. 
The pathogenic factor was  a  diffusible toxic  substance,  and,  al- 
though the writer has found no mention of the diffusibility of leuco- 
cidin, the specificity of its action indicates that it was leucocidin with 
which we were dealing.  Furthermore, filtrates of the cultures used 
in the capsules brought about the disintegration of leucocytes when 
mixed with a  leucocytic suspension and observed under the micro- 
scope. 
It  is of interest that  the production of lymphocytes was not in- 
hibited,  and  in  some cases  (Staphylococcus  aureus)  actually  stimu- 
lated.  Even in the case of Streptococcus ~iridans, in which the lym- 
phocytes and large mononuclears were reduced in number, there were 
no pathological changes in their cellular structure and their depletion 
was probably due to  the  severity of the  shock to  the leucopoietic 
system.  On the other hand,  the depletion of the granulocytes was 
inaugurated by a  visible  disintegration  of  the  granulocytes in  the 
peripheral blood which began immediately after implantation of the 
cultures.  The hemograms do not give an adequate conception of the 
degree of destruction of the neutrophils as, with few exceptions, the 
recorded neutrophils were pathological  (Figs.  4  to  6).  The  action 
of the toxin was shown by excessive lobulation and vacuolization of 
the nuclei,  vacuolization and loss of outline of the cytoplasm, and 
swelling and loss of the pseudoeosinophilic granules. 
In the chronic cases (Nos. 9-1, 9-9, 5-1), the neutropenia appeared to 
be primarily due  to  the  destruction of  the polynuclear cells.  The 
percentage of band forms, except for intermittent increases, was but 
little above normal, which in the absence of the polynuclears, resulted 1006  GRANULOPENIA  DUE  TO  BACTERIAL  TOXINS 
in a relative rather than absolute shift to the left.  This shift to the 
left dearly demonstrated the sustained elaboration and activity of the 
toxic factor. 
In none of the cases presented above was there an abnormal ap- 
pearance of the erythropoietic elements in the bone marrow, and blood 
platelets were always abundant in the blood smears.  The eosinophils 
tended  to  disappear  and  the  basophils  to  increase  with  increased 
intoxication.  A sharp drop in the number of neutrophils was usually 
preceded by a marked basophilia which generally disappeared as the 
neutropenia developed.  The appearance of the  large mononuclears 
varied greatly with different  animals.  The degree of variation was 
not correlated with any particular species of parasite,  but appeared 
to be dependent upon the reactivity of the individual host. 
A significant phenomenon  was observed where there was a  secondary 
infection  superimposed upon  the  toxigenic  strain.  There  was  an 
immediate antagonistic response of the bone marrow with an increase 
of granulocytes in the peripheral blood, but such compensatory efforts 
undoubtedly merely hastened the exhaustion of the bone marrow and 
shortened the life of the animal.  This  phenomenon has its clinical 
counterpart in the cases cited by Doan (25), in which the stimulation 
of myelopoiesis by repeated 1/20 erythema doses of x-rays over the 
long bones showed a  prompt response in the peripheral blood, only 
to be quickly followed by a  relapse, with precipitation of complete 
aplasia, which was rapidly fatal despite all therapy.  Doan's sugges- 
tion that "the fatal recurrence in such cases may be simply the develop- 
ment of complete decompensation of  the  organ  following  the last 
heroic effort to respond to stimuli ordinarily effective in initiating and 
maintaining  myelopoiesis"  is  given  experimental  support.  It  is 
apparent that great caution should be  exercised in any therapeutic 
stimulation of bone marrow with a low myelopoietic reserve. 
It  appears  that  the  pyogenic bacteria  are  capable  of  producing 
granulocytopenia only when they are restrained from active penetra- 
tion into the tissues, yet are so situated that their toxic products can 
be readily absorbed; otherwise they stimulate the leucopoietic system 
and produce a leucocytosis.  Since the injection of filtrates of these 
organisms has  so  consistently failed  to  induce  a  depression of  the 
granulocytes (4), it appears that the constancy of the supply of toxin EMERY  WESTERVELT  DENNIS  1007 
is a  highly important factor in the production of a  detectable leuco- 
penia.  These conditions are satisfied in a  chronic focal infection. 
Our  conception of  the  usual  origin  of  the  clinical  agranulocytic 
syndrome is that there is a  primary focus of infection by one of the 
leucocidin-producing organisms from which leucocidin is diffused into 
the blood stream where it  affects the neutrophils,  and if present in 
sufficient quantity and toxicity it injures the granulopoietic elements 
of the bone marrow.  With the removal of the granulocytes and the 
cutting off of the supply,  the body is liable  to  invasion and a  fatal 
sepsis frequently results. 
CONCLUSIONS 
Pyogenic organisms, under conditions simulating a  focal infection, 
are capable of producing in rabbits a  granulopenia which may allow 
generalized infection and death.  It is suggested that agranulocytosis 
in man is due to  the action of leucocidin, rather than  to  a specific 
microorganism. 
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EXPLANATION  OF PLATES 
PLATE 64 
FIG.  i. Bone  marrow  of Rabbit  9-9. Impression  preparation, Leishman's 
stain.  Note  the disintegrating  myeloid cells,  and  the failure of their  nuclei to 
stain.  Erythropoietic  elements normal and well stained.  ×1,100. 
FIG. 2.  Extreme myeloid aplasia of the bone marrow due to Strep. viridans toxin. 
Erythropoietic  elements  normal.  Impression  preparation,  Leishman's  stain. 
×1,100. 
FIG.  3.  Disintegration  of myeloid  cells,  and  large  amount  of fat  in  the  rib 
marrow.  Action of Strep. viridans, but the course was more acute and exhaustion 
less complete than in the case of Fig. 2.  Leishman's stain.  XI,100. 
PIaTE 65 
FIG. 4.  Pathological neutrophils in the peripheral blood of Rabbit 9-9 just before 
the onset of the granulopenia.  Leishman's stain.  X 2,200. 
FIG. 5.  Vacuolization  of the cytoplasm of a  young band  form (or late meta- 
myelocyte) due to the action of Strep. viridans toxin.  Blood smear stained with 
Leishman.  Note the disintegrating  band and normal platelets in the upper left 
corner.  ×  2,200. 
FxG. 6.  Pathological  band forms in  the peripheral  blood of a  rabbit  that re- 
ceived  Strep.  haemolylicus.  Leishman's  stain.  X 2,200. THE JOURNAL OF  EXPERIMENTAL  MEDICINE VOL.  57  PLATE 64 
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